Structure of the yrast line states of 20 Ne is studied with the Antisymmetrized Molecular Dynamics which is a method free from any model assumption such as the existence of clustering. The construction of the rotating intrinsic states is made by the frictional cooling method under the constraint that the expectation value of the angular momentum vector takes the given value in its magnitude while its direction is determined variationally. Angular momentum projection is applied to these rotating intrinsic states in order to get good angular momentum states. Two· body spin-orbit force is adopted and nucleon spin orientations expressed by spin coherent states are determined by energy variation, which enables us to describe the dissolution of clusters more satisfactorily. It is found that for both positive and negative parity low spin states, the two-cluster structure of "'O+a results as a predominant configuration and that the ' 6 0 +a clustering becomes weaker as the spin goes up and mixes with the spin-aligned oblate structure when going from 6+ to s+. The yrast states with 10+, 12+ and n-are found to have the three-cluster-like structure composed of 12 C cluster and two a clusters. § 1. Introduction
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In light nuclei the cluster structure is of fundamental importance as well as the shell-model-like structure (mean field structure).
2 H> It is generally expected that the clustering degree of freedom in the nucleus is activated more strongly as the excitation energy goes up, and that the nucleus can undergo the structure-change from the shell-model-like structure in the ground state energy region to the two-cluster structure and further to the three-cluster structure as the excitation energy increases. 8 
>· 9 >
In 20 Ne, it has long been discussed that the two-cluster structure of 16 0+a appears predominantly already in the ground band and also more clearly in its inversiondoublet partner, the K"=o-band upon the 5.78 MeV 1-state. 10 
>·
3 > The predominance of the cluster structure instead of the shell-model-like structure in the ground band is rather exceptional from the molecular viewpoint expressed in the so-called Ikeda diagram 8 
9 > and in fact in the other light nuclei such predominance of the cluster structure in the ground band is not experimentally supported except in very light nuclei such as 7 Li and 8 Be where the formation of the mean field is not firm. This exceptional character of 20 Ne ground band has been called the transient character from the shell-model-like structure to the cluster structure and has been studied by many authors.
11 >-15 >' 3 > When studied in detail, most calculations have given the result that the 16 0+a
clustering of the ground band becomes weaker toward the band terminal s+ state.
The weakening of the clustering is in two ways depending on adopted theoretical models. One is the shrinkage of the distance between the a cluster and the 16 0 cluster which is called the anti-stretching effece 6 
3 > and the other is the increase of the component with broken spatial symmetry/ or the change of 16 0 cluster. In this nucleus of 20 N e there have been observed several rotational bands in rather low excitation energy region and it has been discussed both experimentally and theoretically that the predominant configuration of the third K" =o+ band built upon the 7.19 MeV o+ state is the three-cluster-like structure of 12 C+a+a.l7)-Z0), 3 ) If it is the case, the structure along the yrast line will change largely when going from g+ to 10+ in such a way that the above-mentioned weak 16 0 +a clustering structure of the g+ state changes to the three-cluster-like structure of the 10+ state.
The discussions given above on 20 Ne structure indicate that when we go up along the yrast line of 20 Ne, we observe very interesting features and changes of the yrast state structure which is due to the formation and dissolution of clusters. In order to study theoretically the formation and dissolution of clusters, it is desirable to use such theoretical framework that does not assume the existence of clusters. However in the theoretical studies on the clustering in 20 Ne reported until now, the authors had to introduce the postulated clustering configurations into the theory, such as the 16 0+ a and 12 C+ 8 Be configurations. The purpose of this paper is to study the formation and dissolution of clusters in the yrast states of 20 Ne. For this purpose we use the Antisymmetrized version of Molecular Dynamics (abbreviated to AMD)2 1 H 7 > which is the theory free from any model assumptions and hence does not assume the existence of any clusters at all. By this study with AMD we expect to elucidate the following problems: (i) Does the ground band have the 16 0+a structure predominantly? (ii) How is the structurechange of the ground band near the band terminal g+ state? (iii) How is the clustering in the negative parity K"=o-band? (iv) Does the 12 C+a+a clustering structure appear in the yrast states with spins higher than 8? We have adopted an improved AMD framework which is important to study these problems about yrast line structure. Using the constrained frictional cooling method for the variational calculation, we construct the rotating intrinsic state with given magnitude for the angular momentum expectation value. An attractive character of our constrained frictional cooling method is that the expectation value of the angular momentum vector is constrained only in its magnitude while its direction is determined by the energy variation. The wave function with good angular momentum is constructed by the angular momentum projection applied to this rotating intrinsic state. Since in describing the dissolution of clusters the effect of the non-central nuclear force should be taken into account sufficiently, we use spin coherent state for each nucleon spin state determined so as to minimize the total energy. This paper is organized as follows. In the next section ( § 2) we explain the theoretical framework of AMD, namely the AMD wave function and the constrained frictional cooling method for the construction of the minimum energy state. In § 3 the two-nucleon force used in this paper is explained. In § 4 we give the calculated results and discuss the above-mentioned four problems. We will see that for both positive and negative parity low spin states, the two-cluster structure of 16 0+ a results as a predominant configuration and that the 16 0+ a clustering becomes weaker as the spin goes up and mixes with the spin-aligned oblate structure when going from 6+ to s+. The yrast states with 10+, 12+ and n-are found to have the three-cluster-like structure composed of 12 C and two a's. Finally in § 5 we give summarizing discussions. § 2. AMD wave function, constrained frictional cooling method and angular momentum projection
The AMD (Antisymmetrized version of Molecular Dynamics) is a theory which is applicable both to nuclear structure problems and to heavy-ion collision problems. Here we only explain the AMD framework for the sake of nuclear structure study. As for the AMD theory for the sake of nuclear reaction study the reader is referred to Refs. 24) and 25).
We describe the intrinsic state wave function of the system by a parity-projected Slater determinant whose single nucleon wave function is given by a Gaussian wave packet: (1) where A is the total mass number, Xe 1 is the spin coherent state with a complex parameter .;j, (2) and ir 1 is the isospin state, iP or in.
The wave function ia>({Zj, .;J)> of Eq. (1) is the same as the wave function of the Fermionic Molecular Dynamics proposed by Feldmeier.
28 > Furthermore, la>({Z;, .;j})> can be regarded as a special case of the Brink-type cluster model wave function 29 
>
where every cluster is composed of a single nucleon. When the parameters of the Brink-type wave function are treated as time-dependent parameters by using the time-dependent variational principle, the Brink-type cluster model is called the timedependent cluster model (TDCM). 30 > Therefore, la>({Zh .;J)> can be also regarded as a special case of the TDCM wave function. The reason why we use the name AMD for our present approach to nuclear structure problems is mainly because of the following characteristic. Our approach is characteristic in the point that it is always combined with the frictional cooling method which determines the parameters of the wave function often under given constraints. Other characteristic points of our approach are the use of projection of parity and angular momentum and the frequent use of the superposition of Slater determinants. (In the case of heavy-ion collision problems, the AMD approach is characterized by its treatment of stochastic two nucleon collisions.) We give in the following the explanation of the frictional cooling method.
In order to describe the structure-change along the yrast line, we construct the minimum energy state I a>±( {Zj, ~j})> under the constraint that the expectation value of the angular momentum vector by this state should be equal to the given value in magnitude. Namely we determine numerically the values of the parameters {Zj, ~h j = 1 ~A} which satisfy (3) where H is the total Hamiltonian operator and JOP is the total angular momentum vector operator. This constrained variational problem is solved by using the constrained frictional cooling method which we explain below. 
where the variables {u,, k=1 ~4A} stand for the variational parameters {Zh ~h j=1
~A}, and the multiplier function TJ which is real is determined by the condition
This constancy condition of W can be rewritten by using Eq. (4) as follows:
from which we get 7J=-l~(( 1 +iA_) a-a; a£ +( 1 -iA_) aw a£.)/~aa; aw.
2 " An attractive character of our frictional cooling method with the constraint on the magnitude Ill of J is that the direction of J is not constrained but determined by the energy variation. This means that we do not impose such condition that J is parallel to a principal axis of the intrinsic state. We will see later that actual calculations show the existence of the case where the direction of J is tilted from the principal axes.
The minimum energy state I<Z>±({Zh .;;})) obtained by the constrained frictional cooling method is a rotating (or cranked) intrinsic state of the yrast state and is not an eigenstate of the angular momentum. We construct the good angular momentum state I <l>iTM({Z;, .;;})) by the projection method:
The three dimensional integration is made numerically. The principal axes of deformation are determined by diagonalizing the inertia tensor. In this paper we have not made the diagonalization with respect to the K quantum number, but we have selected such K quantum number that gives the minimum energy.
The AMD wave function can be extended from a single Slater determinant to a linear combination of Slater determinants:
All the discussions given above for the case of a single Slater determinant remain valid simply by replacing I<Z>±({Zj, .;;})> with I<Z>±({Zh .;J}, {Z;, .;_;}, ···, C, ···)> and by regarding the variational parameters as being given by {uk}=({Z 1 , .;j}, {Z;, .;_;}, ···, C, ... ).
The most important feature of the construction of the wave function in AMD with the frictional cooling method is that the wave function can be obtained without prejudice, i.e., free from any model assumption such as the existence of clustering. If the resulting wave function proves to have clustering structure, the existence of clustering can be insisted more convincingly than other usual cluster model studies. AMD is a new powerful method for the study of the formation and dissolution of clusters in nuclei. 
with r denoting the two-nucleon relative coordinate and with P( 3 0) denoting the projection operator onto the triplet odd ( 3 0) two-nucleon state. Since the effect of the spin-orbit force becomes rather appreciable in the ground band states near the band terminal s+ state, we have investigated slightly in detail the role of the spin-orbit force in this band terminal region by changing the strength U1s ( ulS = u1 = -uu) of the spin-orbit force from the value of 900 MeV.
The Coulomb force was approximated by a sum of seven Gaussian functions as was done in the AMD calculations for heavy ion collisions in Refs. 24) and 25).
The oscillator parameter v has been chosen for each constraint value of the angular momentum so that the energy expectation value by the rotating intrinsic wave function becomes minimum.
In this paper, for the sake of simplicity, we have fixed the nucleon spin orientations in treating the states other than the positive parity states with the angular momentum constraint lii:S:8. Namely in the case of these states, the~ parameters have been fixed to be either ~= 1/2 or ~= -1/2 which means we have adopted either x112=Xt or X-112=x~. Corresponding to this simplification, the angular momentum 
Density distribution and structure-change
The value for the angular momentum constraint (Eq. We use the notation I (l)Uc>±( {Zh .; 1 })) for expressing the rotating (or cranked) intrinsic state obtained with the frictional cooling method under the constraint I J I= !c.
We naturally expect that the structure of the spin f state on the yrast line can be studied by analyzing the cranked intrinsic state la>Uc=ll±({Zh .;;})>obtained under the constraint lil=lc=!. However, it is not necessarily true as we see later in § 4.4.
We will see that in order to get the spin l state by the projection from la>Ucl±({Zh .;;})), the angular momentum constraint lc in cranking should be rather smaller than !.
Therefore we here caution the reader not to simply regard the properties of the rotating intrinsic state I a>Uc=m( {Z;, .;j} )> as directly representing the properties of the yrast state with the angular momentum!. In order to discuss the deformation of the intrinsic states we introduce the principal X-, Y-and Z-axes determined by diagonalizing the inertia tensor !f so as to satisfy !f xx 2: !f YY 2: !f zz. The density distribution of the rotating intrinsic states without parity projection is shown in Fig. 1 , where the density is integrated out along the X-axis and projected to the YZ-plane. We have found the deformation of la>Ucl±({Z;, .;j})) is prolate for lc=0~6 and oblate for fc28 in the case of positive parity states. For negative parity states it is also prolate for lc ~ 7, while it is neither
• o+ • g- prolate nor oblate for ]c=9 and it is oblate for ]c=11. The deformed intrinsic states la>Ucl±({Zh .;j})) are all approximately axially symmetric except the states with ]c=10 and 12 of the positive parity and for ]c=9 of negative parity. We call the axis of approximate axial symmetry the symmetry z-axis which is chosen from one of three principal axes X, Y, Z. We show in Table I the calculated values of (x 2 ), (y 2 ), (z 2 ), and quadrupole moment <(2z 2 -x 2 -y 2 )) in the intrinsic frame (principal axis frame), together with the optimum v value of the rotating intrinsic states. Here, for example, (x 2 ) is defined by (14) For the understanding of the detailed structure of the states la>Ucl±({Zj, .;J)>, we show in Fig. 2 the real parts of {Zj} which are the spatial centers of nucleon wave packets. For the states with the angular momentum constraint value lc=0~6 for the positive parity and ]c=1 ~7 for the negative parity, four Z/s locating at almost the same spatial point constitute an a cluster while the other 16 Z/s constitute a compact tetrahedron of four a clusters and are almost equivalent to an 16 0 cluster. We see that the distance between the a cluster and the 16 0 cluster becomes smaller as the angular momentum constraint value ]c increases. This is the so-called antistretching effect mentioned in § 1. For the angular momentum constraint and parity J/'=8+ and J/'=9-, the a cluster is not recognizable. In the intrinsic states with higher angular momentum constraint values, we see two a clusters appear outside of a 12 C-like cluster composed of three a clusters forming a compact triangle. As mentioned above the clustering feature becomes weaker as the angular momentum constraint lc increases up to ]c''=6+ (7-) for the positive (negative) parity mainly due to the anti-stretching effect. At the same time a little dissolution of a cluster is also seen in the states i<t>uc>±({Zj, ~j})> with ]c:2.4. This aspect is shown as the spatial dissolution of four Z/s which compose an a cluster, and is considered to come from the effect of the two-body spin-orbit force. In fact the dissolution is never seen in the results with the spin-orbit force off. The breaking of the a cluster makes the energy higher due to the two-body central force while on the contrary it can make the energy lower due to the two-body spin-orbit force. It is expected that the latter gain of the energy often overcomes the former loss of the energy especially in the rotating intrinsic states with large ]c. Another point to be discussed is the change of 16 0 cluster. In all the positive and negative parity states with ]c=0~7, 16 0 clusters are composed of four a clusters Here we caution the reader not to consider directly the shrinkage of the Z/s locating region as the shrinkage of the density distribution of nuclear matter. In positive parity band, the Z/s locating region seems to shrink also in the x and y directions as the constraint value !c goes up to 6. However, the density distribution becomes larger in the directions of x and y axis due to the decrease of the size parameter 1.1 of single particle Gaussian wave function. As seen in Table I, (x   2   ) and (y 2 ) tend to increase with !cup to 6, which is consistent with the saturation property of nuclear matter.
We consider that the rotating intrinsic states I~Uc>+({Zh ~J)> with /c~8 correspond to the experimental ground rotational band, while I ~ucl-({Zj, ~j})> with !c~9 correspond to the observed negative parity rotational band upon 5.78 MeV 1-state. As mentioned in § 1, these two rotational bands have been regarded as constituting an inversion doublet, which is just supported by our results of rotating intrinsic states of positive and negative parities.
Direction of the vector J
The vector J calculated with I~Uc>±({Zh ~j})> (Eq. (3)) has been found, except for the negative parity intrinsic states with !c=9 and 11, to be almost exactly parallel to the X-axis, which means it is perpendicular and parallel to the symmetry z-axis in the cases of prolate and oblate states, respectively. In the cases //'=9-and n-, J is slightly tilted from the principal X-axis. The angle (}between the vector J and the X-axis is 8.8" for I ~Uc= 9 >-( {Z;, ~j})> and 4.1" for I ~Uc=n>-({zj, ~j} )>, while it is less than 1" for the other states.
Ne Studied
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The result that the vector J is parallel to the X-axis suggests that the situation is similar to the rotation of a rigid body. The total energy of a rigid body rotating around a principal axis with given angular momentum ]c is the sum of the internal energy and the rotation energy ]c 2 /25 with 5 standing for the moment of inertia around the principal axis. The lowest total energy under the given angular momentum is obtained by minimizing this rotation energy, which is achieved when the angular momentum vector (the rotation axis) is parallel to the X-axis with the largest moment of inertia. We have seen that in the rotating intrinsic state la>Uc;s>+({Z}, ,; 1 })> the a cluster is not recognizable. In general we expect that in non-a-clustering states the effect of non-central force is stronger than in a-clustering states. Hence we expect that the magnitude of spin angular momentum lSI is larger in la>Uc;s>+({Zh .;J)> than in other la>Ucl+({Z 1 , .;J)> with ]cS.6, where §is defined by the expectation value (S 0 P) as sop=spin angular momentum vector operator 0 (15)
We show in Fig. 3 0 clusters, the magnitude lSI is expected to show the degree of the dissolution of clusters. The small lSI seen in Fig. 3 shows that the dissolution of clusters is not so much in those states.
We define Las the expectation value (L We have not made the diagonalization with respect to the K quantum number. Therefore we should make a suitable choice of "integration z-axis" which is the z-axis for the integration over Euler angles in angular momentum projection operator. We have made two choices: In one case the integration z-axis is chosen to be principal Z -axis which has the smallest moment of inertia .J zz and is perpendicular to the angular momentum vector J, and in another case it is chosen to be the principal X-axis which has the largest moment of inertia .J xx and is parallel to the angular momentum vector J. The K quantum number that gives the minimum energy after the angular momentum projection is found to be K =0 for the former choice of the integration z-axis and K =! for the latter choice.
To tell more in detail, in the case of the Fig. 4 schematically the relation between the optimum value of the K quantum number and the direction of the angular momentum vector J. We denote K=O with respect to the principal Z-axis as Kz and IKI=l with respect to the principal X-axis as Kx.
In Table II 0+a clustering feature although not so prominent, the structure-change from the 6+ state to the 8+ state would be regarded as being not so drastic as one would expect from the change between l<t>Uc=S>+({Zh ~j})> and I (l)Uc=S)+( {Zj, ~j})).
We show in Fig. 5 the comparison of E/'c=n± with the lowest value of the energy E 1 ± for each angular momentum f. In this figure we also show the observed energy spectra of the ground band and the negative parity band upon 5.78 MeV 1-state. We see that the reproduction of the observed energy spectra of the ground band by the theoretical spectra of E, + is good. Especially the observed shrinkage of the energy interval between 6+ and 8+ is fairly well reproduced by the theory, while the 16 0+a
cluster model has been unsuccessful in reproducing this energy shrinkage. As for the negative parity rotational band, however, as seen in Fig. 5 , the present calculation is not satisfactory in reproducing energy spectra in two points. The first point is the larger gap energy than data between this negative parity band and the ground band. The second point is the smaller moment of inertia than data, which causes the level spacings between adjacent band members wider than data. Both of these points indicate that the distance between the a cluster and the 16 0 cluster should be larger tl)an the present calculation. Therefore the following three kinds of modifications and improvements will be the next step of investigation to be done in future in order to get better reproduction of the energy spectra: The first is to adopt slightly stronger Majorana exchange mixture m than the present value of m=0.6, because it makes the clustering feature more prominent resulting in the smaller gap energy between the inversion doublet bands. The second is to introduce the density· dependent force into the two-nucleon central force, because it gives larger energy gain to the negative parity band due to its more dilute density than the positive parity band. The third is to superpose the AMD determinants so that the a-16 0 relative wave function has longer tail in the outer spatial region. It is because the negative parity band is expected to have longer tail than the positive parity band.
The excitation energies without the angular momentum projection are 0, with the orbital angular momentum constraint Lc higher than 10 shows the higher excitation energies than the ones expected from the rotating energy rule of f(! + 1).
Dependence on the spin-orbit force
We have already seen in § 4.3 that the magnitude of § is exceptionally large in la>Uc=B>+({Zj, .;J)>. while it is very small in other rotating intrinsic states with /c5.6.
Therefore it is expected that the energy E)l,;;s>+ can depend more strongly on the strength of the two-body spin-orbit force than the energy E)-',;; 6 >+. More generally speaking, the energy of a state with dissolved clusters can depend strongly on the twobody spin-orbit force. This also means that the degree of the cluster dissolution in the rotating intrinsic state can depend on the spin-orbit force. In order to investigate the structure-change from 6+ to 8+ slightly in more detail, we have studied whether the increase of the strength of the two-body spin-orbit force changes appreciably or not the result on the structure-change from 6+ to 8+ obtained with the present value u1 = -uu=900 MeV.
We have investigated the states with the constraints /c"'=0+~8+ adopting the increased strength u~s= U1 =-uu = 1500 MeV for the spin-orbit force instead of the strength of 900 MeV. The characteristic features about the existence of clusters in the rotating intrinsic states are found to be very similar to the results with Uts=900
MeV. Namely the intrinsic states with low lc have a and 16 0 clusters between which the distance becomes smaller as the angular momentum constraint value lc increases ending with the /c''=8+ state which has no recognizable cluster like an a cluster.
However discussing in more detail, we should point out that the weakening of the clustering along the increase of lc value is more drastic than in the results with Uts =900 MeV. An example is the change of the anti-stretching effect. We have found that the distance between a and 16 0 clusters is smaller than that in the case of 900 MeV for the intrinsic states with the same constraint value lc Uc~6). In the state with ]c =6 the distance is about 2 fm in the case Uts=900 MeV, while in case of u~s=1500 MeV it is about 1 fm which is too small to be considered as "the well-developed a cluster". Correspondingly to it, the quadrupole moment of the latter state is smaller than that of the former state. Another effect which shows the weakening of the clustering is the dissolution of a cluster, which is seen clearly in the comparison of the expectation value of lSI in Fig. 3 . lSI becomes large with increasing lc in much more drastic way than in the case of Uts=900 MeV. We have studied the energy expectation value E/ 1 c>+ which is given by the projected state la>}if~+({Z;, .;j})> for Uts=1500 MeV. We show the energies EFc=J>+ and E/Jc=J-2 >+ also in Fig. 5 . As is expected, the energy of the state with higher spin depends more strongly on the spin-orbit force. The attractive effect of the spin-orbit force contributes so much to the energy of I a>}ifM' 8 >+( {Z;, .;;} )> with no clustering structure, that EY~;a>+ with u~s=1500 MeV becomes much lower than that with Uts =900 MeV. In the case of the constraint ]/'=6+ the stronger spin-orbit force of Uts =1500 MeV dissolves the clusters in la>Uc=S>+({Z;, .;j})) so that EY~8 6 >+ with u~s=1500 MeV becomes also lower than that with Uts=900 MeV, although the effect is less than EY~;a>+. Since the difference between EY~;s>+ and EY~;a>+ is only 1.7 MeV, it is natural to consider that the better intrinsic state for the lowest s+ state is the mixed state of la>Uc=Sl+({Z;, .;j})> and la>Uc=B>+({Z;, .;i})>. Here, however, we give a comment that the squared overlap amplitude between the states I a>}ifM' 8 >+({Zj, .;j})> and I a>}ifM' 6 >+({Zj, .;j})> is rather large. It is 93% for Uts= 1500 MeV while it is 75% for Uts=900 MeV. The calculation with Uts=1500 MeV may be regarded as reproducing better the energy spectra especially the small excitation energy of the s+ state which has been difficult to reproduce in terms of cluster models.
B(E2) values
The E2 transitions within positive parity states have been calculated and compared with experiments. The calculations using the angular momentum projected wave functions have been made by performing three dimensional numerical integrations. Here we use the wave functions la>/Jc=J- We see good reproduction of data except for 8+-+6+ by both calculations adopting Uts = 900 MeV and 1500 MeV. The observed small E2 transitions+-+ 6+ has been considered to be due to the structure change from 6+ to s+. The small E2 transition is well reproduced by the calculation with the strength of spin-orbit force u~s=1500 MeV, while in the calculation with u~s=900 MeV it is larger due to the small change of intrinsic structure from 6+ state to s+ state. It should be also taken into account that in a simple AMD framework the relative wave function between the clusters is necessarily of the form of a Gaussian packet. In the system with well-developed clusters, inter-cluster relative wave function may have a long tail in the outer spatial region which may be sensitively reflected in the electric properties such as E2 transition. Therefore we have improved the AMD wave function by superposing several AMD wave functions. The AMD wave functions to be superposed have been constructed by adopting the following changes of the original {Z} values, In this paper we have studied, by using the AMD theory, the formation and dissolution of clusters in the yrast line states of 20 Ne. The reason why we have used AMD is that AMD is a theory free from any model assumptions and hence does not assume the existence of any clusters at all.
The calculated results have shown that for both positive and negative parity low spin constraints I<JoP>I=lc, the two-cluster structure of 16 0+a constitutes a predominant configuration of the rotating (cranked) intrinsic states but this clustering becomes weaker as the spin goes up. It has been shown that the rotating intrinsic states with the constraints hn: = s+ and g-are not prolate in shape and a clustering is not recognizable. Furthermore the rotating intrinsic states with the constraints ]crr=10+, 12+ and u-have been found to have the three-cluster-like structure of C 12 +a+a.
In order to check the reliability of the above results on the structure change in the case of positive parity states, we have made an extended AMD calculation by adopting a superposition of two Slater determinants. In this calculation, for the sake of simplicity, we have fixed the nucleon spin orientations like for negative parity states. Corresponding to this simplification, the angular momentum constraint has been made not for I<JOP>I but for I<Lop>l. We express la>+({Zj, ~j}, {Z;, ~.i}, C)>, I a>+( {Zi. ~j})> and Cl a>+({Z;, ~j)} >in Eq. (11) as <1>, <1>1 and <l>u, respectively ( <1> = <1>1 + <l>u ).
We have found that <1>1 is very similar to the AMD wave function obtained by the AMD calculation adopting a single Slater determinant and is a main component of <1> and that <l>u is a small component giving only a small modification to <1>1. We give in Table V .. 9o., 
These results give us a very clear evidence of the high reliability of the AMD method in which only one Slater determinant is adopted. We show in Fig. 6 The rotating intrinsic state I q>Uc=Sl+({Zh .;'i})> with J/.=8+ is especially interesting because we have found that it is different from other positive parity intrinsic states lq>Ucl+({Zj, .;j})> with lc~6 in two ways. One is its oblate shape and the other is its large value of I<Sop>l, both of which means the dissolution of the a cluster in this intrinsic state with lc=8. The former property has been found to persist even when the two-body spin-orbit force is switched off. Furthermore as is seen in Fig. 5 Similarly we can understand rather naturally the result E/'c=J -2 >+ < E/Jc=n+ for lower spin cases with f S:6. Here an important factor in yielding this result is the anti-stretching character of the rotating intrinsic state. This anti-stretching character assures the larger lowering of the energy by the angular momentum projection from l(l)Uc=J-2 >+({Zi. .;J)> than from l(l)Uc=l>+({Zj, .;j})).
The coupling of the 16 0+a clustering state and the oblate spin-aligned shellmodel state in the ]"=8+ state, of course, can change largely if the energy of the shell-model state can have much lower energy than the present value. Since we found that the magnitude of I<Sop>l is exceptionally large in l(l)Uc=B>+({Zh .;j})), we expected that the increase of the strength of the two-body spin-orbit force might lower largely the energy of the oblate spin-aligned shell-model state, while it does not affect so much the energy of the 16 0+a clustering state because sop has vanishing value for this clustering state. We have actually found that weakening of the clustering structure in l(l)Uc>+({Zj, .;j})> with higher ]cis more prominent in the calculation with the stronger spin-orbit force. The structure change from 6+ state to s+ state has proved to be largely more prominent in the case Uts=1500 MeV than in the case Uts =900 MeV, which is clearly reflected in two kinds of observables: One is the magnitude of the ratio B(E2; s+-.6+)/B(£2; z+-.o+) and the other is the energy spacing between 6+ and s+ states. The magnitudes of both quantities are much smaller for Uts =1500 MeV than for Uts=900 MeV and the magnitudes for Uts=1500 MeV are closer to data.
Our present method to construct wave functions with good angular momentum variationally is the so-called projection after variation. The reason to adopt this approach is of course because the variation after projection by the use of the AMD wave function is not easy to make numerically. Our finding that in many cases we had better regard I (l)Uc>±( {Zi. .;j} )> as the intrinsic state of the yrast state with the angular momentum J=!c+2 rather than that with J=lc is just coming from the fact that the projection after variation is sometimes insufficient. This defect is common to all the approaches adopting the idea of cranking constraint in constructing the intrinsic states, which include the cranked cluster model iational parameter !c not taking only integer values.
Finally we compare our cranked AMD approach with the cranked Hartree-Fock method. We consider that the AMD approach has the following three kinds of advantage over the cranked Hartree-Fock method. The first point is that the AMD is completely free from any model assumptions. In principle, Hartree-Fock calculations can be made without any model assumptions. However, in actual calculations, completely unrestricted Hartree-Fock calculations are too difficult to perform and many restrictions have to be introduced such as the assumption of the axial symmetric deformation and the truncation of high nw orbitals in the expansion of single particle wave functions. The second point is that the AMD calculation can be easily performed and have been actually performed by adopting a linear combination of Slater determinants (avoiding any model assumptions at all). In this sense, the AMD approach is far advanced beyond the Hartree-Fock approach. The third point is that the cranking condition can be imposed very satisfactorily in the AMD. Namely, in the AMD there is no a priori assumption of nuclear shape and hence the constraint is put only on the magnitude of the angular momentum while the direction of the angular momentum is determined by the energy variation. It is in a sharp contrast to the usual approach of the cranked Hartree-Fock method where the axially symmetric deformation is assumed a priori and the direction of the angular momentum vector is chosen from the outset to be parallel to the principal axis. In our present study, we have found that in most states the angular momentum vector J = (J 0 P) is parallel to the principal X-axis with the largest moment of inertia, but in some cases J is tilted from the X-axis. It is a future task to make analyses of the direction of J. 
